INTRODUCTION
The corneal endothelium is essential in maintaining the transparency of the cornea. Specular microscopy and confocal microscopy are employed for morphological and morphometric evaluation of endothelial cells in vivo (CANAVAGH et al., 2000; ABIB et al., 2012; NAGATSUYU et al., 2014; BERCHT et al., 2015) . For in vitro and ex vivo studies, scanning electron microscopy (SEM) and optical microscopy are the most commonly used methods for endothelial evaluation (TAYLOR & HUNT, 1981; COLLIN & COLLIN, 1998; PIGATTO et al., 2005a; SAAD et al., 2008; PIGATTO et al., 2009; TERZARIOL et al., 2016) . With these methods it is possible to estimate endothelial cell density, and morphology of endothelial cells. The evaluation of these parameters is an important indicator of corneal endothelium health. Alizarin red vital dye can be used for this qualitative and quantitative evaluation of corneal endothelium (TAYLOR & HUNT, 1981; SAAD et al., 2008) . The use of these vital dyes allows important studies to be carried out on endothelial alterations caused by drug toxicity, corneal healing, preservation of donor corneas and collection of corneal buttons for subsequent transplants, among other indications (AMANN et al., 2003; TERZARIOL et al., 2016) . The morphological pattern of endothelial corneal cells is established in humans and some animal species (PIGATTO et al., 2008; FRANZEN et al. 2010; FAGANELLO et al., 2016) . However, in animals normally the endothelial analysis is limited to the central region of the cornea (PIGATTO et al., 2004; MORITÁ et al., 1994; PIGATTO et al., 2005a; PIGATTO et al., 2006; PIGATTO et al., 2009; BERCHT et al.; . Hünning et al. The knowledge of the distribution of normal endothelial morphology is important not only to clinical evaluation but also to selection of areas of the cornea with better quality to be employed as donor tissue. In this article we intend to verify if it is possible to use the technique of vital dyes to stain the corneal endothelium of dogs. In addition, it was the objective of the study to evaluate if there are differences between the endothelium morphology in the different regions of the cornea of healthy dogs.
MATERIALS AND METHODS
Thirty eyes from 15 dogs, 14 males or 16 females, aged between two and four years were obtained from the Veterinary Pathology Service of the Universidade Federal do Rio Grande do Sul. These dogs were euthanized for reasons not related to this study and died of disease that did not directly affect the eye. This project was carried out following the norms of the Association for Research in Vision and Ophthalmology (ARVO) statement on the use of animals in ophthalmic and vision research. Examination of all eyes was performed before cornea collection and consisted of slit-lamp biomicroscopy (Portable Slit Lamp, Kowa SL15, Japan) and fluorescein staining (Fluorescein Strips, Ophthalmos, SP, Brazil). Only healthy eyes were selected. Enucleation was performed within four hours post-mortem, and the cornea and a 3.0mm rim of sclera was removed, and with the endothelial side up, was transferred to glass laminae. The flatmounting technique was used for the preparation of the corneas (CLAESSON et al., 1997) . Staining with 0.2% alizarin red (Alizarin Red S, Sigma-Aldrich, St. Louis, USA) was performed. The dye stayed in contact with the endothelium for 90 seconds and was washed three times with balanced salt solution. The posterior endothelial surface was examined, and photomicrographs were taken of central, superior, inferior, nasal and temporal corneal areas (Figure 1 ). Peripheral evaluations were performed about 2mm from the limbus.
A light microscope (Nikon Eclipse E200, Japan) was used for analysis. Three random images from each corneal area were taken with X40 magnification. Microsoft's Paint software was used for image processing. By counting the number of sides of surrounding cells, 100 endothelial cells from each corneal area were evaluated. All analyses were performed by the same evaluator. The data were compared between areas and between right and left eyes by two-way analysis of variance (ANOVA) with a significance level of P<0.05%.
RESULTS
With alizarin red staining and the use of optical microscopy it was possible to obtain images in all analyzed samples, as well as document and study the morphology of endothelial cells from different corneal regions. Results of optical microscopy showed that the healthy corneal endothelium was composed of polygonal cells with a regular pattern, with a predominance of a hexagonal form.
Among the 30 corneas studied, the average percentage of hexagonal cells in the central area was 78.8±4.7% (Figure 2 ), in the superior area it was 79.4±4.9%, in the inferior area it was 80.1±4.4% (Figure 3 ), in the temporal area it was 78±2.9% and in the nasal area it was 76.7±6.0% (Figure 4 ) (P=0.54). The average percentage of five-sided cells in the central area was 13.2±3.8%, in the superior area it was 13±4.1%, in the inferior area it was 11.7±3.5%, in the temporal area of the left eye it was 13.2 ±3.8 %, and in the nasal area it was 14.1±4% (P=0.67). The average percentage of seven-sided cells in the central area was 8.0± 2%, in the superior area it was 7.6±2.3%, in the inferior area it was 8.2±3.2%, in the temporal area it was 8.8±1.3%, in the nasal area of the left eye it was 9±2.9% (P=0.62). No significant difference was reported in the endothelial cell morphology of different areas of healthy canine corneas.
DISCUSSION
Vital staining with alizarin red and the use of optical microscopy is a quick, simple and inexpensive technique for obtaining images for evaluation of the endothelium of animals and humans (TAYLOR; HUNT, 1981; SAAD et al., 2008; FAGANELLO et al., 2016) . However, none of these previously mentioned studies used the vital staining technique to evaluate the corneal endothelium of dogs. In this article, with alizarin red staining and the use of optical microscopy it was possible to analyze, study and document the morphology of endothelial cells from different areas of the corneal endothelium. Analysis of healthy canine corneal endothelium using 0.2% alizarin red allowed clear identification of cell borders and was possible to identify and to evaluate the number of sides of each endothelial cell. Previous experiments with the use of alizarin red in different concentrations and exposition times have been performed (ANDREW et al., 1999; PARK et al. 2012; FAGANELLO et al., 2016) . Dual staining of corneal endothelium with vital dyes, using 0.2% alizarin red and 0.25% trypan blue, is the most frequently used technique for determining nonviable and viable cells in areas where cells cannot be identified with specular microscopy. Trypan blue penetrates damaged cell membranes while dying their nucleus blue and alizarin red dyes the edges of endothelial cells and the areas of cell loss where Descemet's membrane is exposed. In the current study the aim was to evaluate the morphology of normal dog corneas. Therefore, only the alizarin red dye was used with no need for association with trypan blue staining.
In the present study, gender was not was not considered as a variable. It is already well established in previous studies that there is no difference in endothelial parameters between males and females (FRANZEN, et al. 2010; BERCHT et al. 2015; ALBUQUERQUE et al. 2015) .
GEROSKI and EDELHAUSER (1989) suggested caution when comparing morphometric data in vivo and in situ, as in their study with rabbit and human corneas comparing results of specular microscopy and vital staining there was considerable decrease in the cell area (14%) of the endothelium of rabbit corneas stained with alizarin red, which led to increased endothelial density and a reduction in the variation of cell size. The morphology expressed by the hexagonal cell percentage was unchanged. In this sense, data related to endothelial morphology obtained with optical microscopy in the present study can be extrapolated for future clinical evaluations using specular microscopy in dogs. In order to obtain reproducible and reliable data, the number of cells to be counted has not been established. Some researchers recommend that at least 30 endothelial cells be counted, whereas others mention 50, 75 or 100 cells by image (BOURNE et al., 1994; BERCHT et al. 2015) . Each sampling process has an intrinsic error and a large number of cells counted generate a small sampling error (ABIB et al., 2012) . In the present study, in order to reduce sampling and analysis errors, 100 endothelial cells were manually counted in each area of the cornea studied. This methodology has been used in previous studies (McCAREY et al., 2008; FAGANELLO et al., 2016) . The enucleation and the maintenance of the eyes in a humid chamber allowed the examinations without interfering with the transparency of the corneal samples, which preserved their endothelial structure. This method has been used in other studies and proved to be effective (PIGATTO et al., 2004; PIGATTO et al., 2005a; PIGATTO et al, 2005b; FRANZEN et al., 2010; ALBUQUERQUE et al., 2015) . The flat-mounting technique allowed the cornea to be kept smooth and flat, preventing damage to the endothelium; although, some distortions are inevitable within the process and analysis (CLAESSON et al., 1997) . Thus, this technique allowed the vital dye staining and the capture of images in all examined corneas. Tamayo-Arango et al. (2009) , assessing the corneal endothelium of pigs, established by SEM that most of the cells were hexagonal (61.7±8.5% for the central area and 53.2±7.0% for the peripheral area), with the presence of pentagonal cells (21.3±5.8% and 28.9±5.1% for the center and the periphery, respectively) and heptagonal cells (11.0±6.4% for the center and 18.1±4.8% for the periphery). Moreover, there was no statistical difference between the central and peripheral cornea in relation to six-and seven-sided cells.
Regarding the endothelial cell density in dogs, previous studies have reported that there were no differences in endothelial cell density between central and peripheral corneal locations in healthy dogs (RODRIGUES et al., 2006) . However, no analysis of the cellular morphology was performed in the different areas of the cornea of dogs. In the present study, the parameters evaluated did not differ significantly between the peripheral and central areas of corneas.
CONCLUSION
In all corneal areas studied, the endothelium of dogs had a similar morphology. Thus, the morphology of the central cornea area represents the entire endothelial mosaic and may be applied to peripheral areas. Therefore, analysis of the central area is sufficient to estimate the shape of endothelial cells of peripheral areas of healthy dog corneas.
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